The introduction of indeterminate habit soybean cultivars expanded the possibilities of rotation or succession crops in producing areas of the Cerrado region, but it represents a less well-known component in the management of soil fertility. The objective of this work was to verify the agronomic and economic response of indeterminate habit soybean to the variations in NPK fertilization of sowing and potassium at topdressing in an improved fertility Latosol in Campos das Vertentes (MG). The experimental design was in randomized blocks, with subdivided plots in three replications. In plots, the treatments consisted of doses of 315 and 485 kg ha -1 of NPK 02-30-10 formulation in the sowing furrow and, in the subplots, the application of 0, 15, 30 and 45 kg ha -1 of K 2 O in topdressing at 21 days after sowing was tested. There is no significant difference in the variation of sowing fertilization, but grain yield increases linearly by the additional input of potassium at topdressing. Soybean cultivar requires more K 2 O in maintenance fertilization in soil of improved fertility to express productive potential near 4 t ha -1 , which is economically rewarding.
Introduction
Continuous fertilizations and residual effect of potassium fertilizers on clay soils resulted in good availability of potassium (K) in crops under long-term cultivation in no-tillage system (NTS) (FOLONI; ROSOLEM, 2008; RESENDE, 2011) .
In soils with nutrient contents above critical levels, additional increments in maintenance fertilization are not expected to result in gain yield that are economically rewarding. However, the definition of K content corresponding to the critical level seems to depend on local conditions. According to Alvarez V. et al. (1999) , the critical level of K for soils of Minas Gerais is 70 mg dm -3 , while Vilela et al. (2004) consider the range of 50 to 80 mg dm -3 as suitable for clay soils of the Cerrado region.
In the southern region of Brazil, a new critical level of K was established for soybean crop under no-tillage (SOCIEDADE BRASILEIRA DE CIÊNCIA DO SOLO, 2004; BRUNETTO et al., 2005) . It was found that the critical level previously established at 80 mg dm -3 should be upgraded to 60 mg dm -3 , as soybean did not respond to fertilization in soils with availability above this value. For soils originating from basalt grown under no-tillage and crop rotation in Parana, Oliveira Júnior et al. (2010) and Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA, 2011) do not recommend applying potassium fertilization in soybean for initial availability of K in soil greater than 117 mg dm -3 , since the critical content for the crop is 78 mg dm -3 .
In Minas Gerais state, the official recommendations of NPK fertilizers for soybean were established for conventional planting systems. For a K availability between 71 and 120 mg dm -3 and expected yield of up to 3 t ha -1 , the recommendation would be 40 kg ha -1 K 2 O. A question to be answered is whether this statement is still valid for production areas that adopt high technological level related to the management of fertility and increasingly use of productive potential cultivars in NTS.
The Campos das Vertentes mesoregion has been consolidating as a major grain producer, and soybean is being used as a crop rotation option in the NTS. The use of early cultivars of indeterminate habit (the plant presents at the beginning of the flowering only between 50 and 60 % of its final height and the flowering begins at the 4th or 5th node of the main stem and progresses down and up on the plant stem) is presented as a promising strategy, including to enable other crops in the second harvest. These genotypes have a number of agronomic advantages, especially the anticipation of sowing time, precocity, high harvest rate, upright growth and small leaflets, which facilitates the management of insect pests and diseases, and flexibility of plants spatial arrangements (OLIVEIRA JÚNIOR et al., 2013; PROCÓPIO et al., 2013) .
Although there are reports of very productive crops, little is known about the nutritional requirements of this new type of cultivar (BORGES et al., 2013) . This study aimed to verify whether the indeterminate habit soybean responds agronomic and economically to changes in NPK fertilizer of sowing and potassium at topdressing on soil of improved fertility, under NTS in Campos das Vertentes region (MG).
Material and methods
The experiment was conducted between October 2011 and March 2012 at Santa Helena Farm, located at 21º15'40" south latitude and 44º30'30" west longitude, located in Nazareno (MG), a municipality belonging to the region of Campos das Vertentes. The altitude of the place is 1,020 m. The soil was classified as a dystrophic Red Latosol with clay texture (EMBRAPA, 2006) , and it has a management history with high technological investment for grain production. The area was managed without soil preparation by eight seasons of corn crop, remaining in fallow with spontaneous vegetation in the off-season. In this period, only in one year, the off-season crop was used, the sunflower.
The soybean crop Nidera IN 5909 RR, of indeterminate habit, was sown with use of mechanical traction seeder (with nine sowing lines spaced 0.6 m) in maize rotation on October 21, 2011, with estimated final population of 380 thousand plants ha -1 . The experimental design was randomized blocks, with subdivided plots, in three replicates. The plots consisted of nine spaced rows of 0.6 m and 40 m in length. Here, the applications of 315 and 485 kg ha -1 of the formulated NPK 02-30-10 (32 and 49 kg ha -1 of K 2 O) were compared, distributed in the sowing furrow of 5 cm deep. The lowest dose corresponded to the fertilization normally employed on the farm, and the highest dose aimed to enable possible responses of soybean to the increment in sowing fertilization, and is about 50 % above the 315 kg ha -1 dose of the formulated NPK 02-30-10 applied on the farm in soybean sowing. In the subplots, with 10 m in length, treatments with 0, 15, 30 and 45 kg ha -1 of K 2 O in the form of potassium chloride (KCl) were compared. The doses were manually applied in continuous strip between the lines, at stage V2, 21 days after sowing (DAS). The cultural treatments were applied, according to technical recommendations of the manufacturers and suppliers, the herbicides glyphosate and paraguat dichloride, for desiccation and control of weeds; the insecticides flubendiamide, chlorpyrifos, lufenuron and thiamethoxam + lambda-cyhalothrin, for the control of bedbugs, caterpillars and mites; and fungicides trifloxystrobin + prothioconazole and trifloxystrobin + cyproconazole, for fungi control. Seeds were inoculated with Azospitillum brasiliensis, in amount of 229 mL 60 thousand seeds -1 (1 mL = 5 billion bacteria).
For the treatment of seeds, the insecticide fipronil was used to protect seedlings against seed pest action. Boron micronutrients were also applied, 2 kg ha -1 of sodium octaborate in mixture with NPK fertilizer was applied in sowing, cobalt and molybdenum, via foliar, using 96 mL ha -1 of the nutritional compound Quimifol CoMo Plus, which constituted 1% of cobalt and 6 % of molybdenum in the form of chelated cobalt sulfate and sodium molybdate.
Before the application of potassium at topdressing treatments, a soil sampling in soybean lines was performed to characterize the general conditions of fertility in the experimental area (Table  1 ). The availability of K above the critical levels (70 to 80 mg dm -3 ) established for the nutrient is remarkable VILELA et al., 2004) . At the full flowering and at the end of the crop cycle, other soil samples were taken in the subplots, collecting nine simple samples, three in the lines of sowing and six in the lines of the soybean. At flowering, leaf sampling was also made, composed of 15 trifoliate leaves per subplot, removing the third or fourth fully expanded trifoliate from the plant apex. Soil and vegetable tissue analyzes were performed according to methods specified by Silva (2009) . Table 1 . Chemical and physical characterization of the experimental area soil, at depth of 0 to 20 cm, before fertilization with potassium. Source: Elaborated by the authors (2017) At 131 DAS, three rows of soybean plants with 4 m length each were harvested in the central area of the subplots. After mechanical threshing, the grain yield was determined by adjusting their moisture content to 130 g kg -1 . From the quantification of nutrient contents in the grains, according to Silva (2009) , the export of K by soybean was estimated considering the nutrient content in the grains multiplied by the total dry mass of grains.
Data were submitted to analysis of variance. The means of fertilization treatments at sowing were compared by the F test, and regression models were adjusted for the dependent variables in relation to the K 2 O doses applied at topdressing. The statistical program Sisvar (FERREIRA, 2011) was used.
An economic analysis was made based on the costs of fertilizers and KCl application at top dressing, faced with the revenue generated from the sale of the grains. Fertilization treatment yield was calculated in relation to the standard management of the farm (application of 315 kg ha -1 of NPK 02-30-10 at sowing, without potassium applied at top dressing).
Results and discussion
There was no significant effect of NPK fertilization on sowing and its interaction with potassium applied at top dressing in the studied variables. However, it was observed a significant influence of K application at top dressing in the levels of K in the soil at the time of flowering and after harvest, on soybean yield and K exported (Table 2) . Table 2 . Summary of the analysis of variance for K contents in soil, leaves, and grains, total K exported and soybean yield in relation to NPK fertilization at sowing and potassium applied at topdressing. (2017) Although the quantities supplied at topdressing were relatively small, there was a linear increase in K availability in soil evaluated at the time of flowering; this effect was also observed in the sampling performed after the soybean harvest (Figure 1) . (2017) The content of 103 mg dm -3 of K at the beginning of soybean cycle can be considered relatively high, which, coupled with the availability of other nutrients (Table 1) , features a soil of improving fertility condition. Additionally, it was expected that the buffering of this soil constituted of 58 dag kg -1 of clay would be enough to guarantee the productive potential expression of soybean, even under lower levels of fertilization. This buffering seems to have confirmed, in part, by the lack of response to variation in sowing NPK fertilizer, where there was differential contribution of these nutrients, especially phosphorus. However, data in Figure 1 show that the higher dose of the top dressing fertilization with K was necessary to maintain the initial nutrient level in soil until the end of soybean cycle, confirming that K reserve available in the studied Latosol can fall relatively quickly (OLIVEIRA JÚNIOR et al., 2013) .
Source of variation
In the absence of potassium applied at top dressing, there was a reduction in the availability of about 20 mg dm -3 , placing it close to 80 mg dm -3 , but still remaining in the range considered adequate by Alvarez V et al. (1999) and Vilela et al. (2004) . To restore the amount of K exported by soybean it is necessary to provide 20 kg of K 2 O per ton of grains harvested (EMBRAPA, 2011; OLIVEIRA JUNIOR et al., 2013) .
In the treatments combinations, absolute grain yield ranged from 3.3 to 4.1 t ha -1 , which represents export values between 66 and 82 kg ha -1 of K 2 O, while the quantities supplied were between 31 and 93 kg ha -1 of K 2 O. Thus, the yields ( Figure 2 ) and soil nutrient contents (Figure 1) , increasing with the doses of potassium applied at top dressing, confirm that this fertilization was important to complement the amount applied at sowing. As the topdressing fertilization was increased, K was accessible to the plants at the beginning of the crop more intense absorption phase, leading to yield gains (LANA et al., 2002) . The highest nutrient contributions were effective in guaranteeing the accumulation in the grains for higher yields, without soil fertility depletion (Figure 1) .
Soy extracts about 38 kg of K 2 O per ton of grains produced, and export is 53% of what is absorbed during the cycle (EMBRAPA, 2011). Therefore, there may be soil fertility impairment for crop in succession when maintenance fertilization is performed in suboptimal doses. Wendling et al. (2008) indicate that, for soils with high K availability (up to twice the critical content), maintenance fertilization should be performed to restore the amount exported plus any losses of the nutrient in the system. According to the authors, the recommendation is that a quantity of 25% above the export be applied.
The present work showed the high productive potential of a modern genotype of soybean, which reached abnormal levels compared to the pattern observed until some years ago in Minas Gerais state. The yields reached and the corresponding K export were higher than the modal values of the crop at the time of the definition of the recommendations of for soybean fertilization in the state of Minas Gerais.
According to , the application of 40 kg ha -1 of K 2 O would be sufficient to produce up to 3 t ha -1 of grains in soils of improved fertility. In the new reality presented, with grain yield close to 4 t ha -1 , the maintenance of high productive potential environments requires greater attention not only to replace K exported in harvests, but to preserve the nutrient content in soil in levels consistent with crops intensity in the rotation system. This argument is supported by the balance of K in production systems established by Oliveira Junior et al. (2010) based on the recommendations for the cultivation of soybean in soils of improved fertility in the states of Paraná, São Paulo and Cerrado region. The suggested doses for a productivity expectation of 3 t ha -1 in these regions are 50 to 60 kg ha -1 of K 2 O, from which the authors found that there is a risk of a negative balance, that is, a deficit in nutrient stocks in soils, to the detriment of crops which are components of the production systems. In fact, the obtainment of maximum yields ranging from 3.3 to 4.1 t ha -1 in Latosols in São Paulo state ROSOLEM, 2008) and Piauí state (PETTER et al., 2012) was associated with providing doses between 85 and 97 kg ha -1 of K 2 O.
It is important to point out that, despite the response to the top dressing fertilization obtained in the present study, the total amount of K supplied is more interesting than the application season. Options to apply K at different seasons, before or after soybean sowing, have already had their demonstrated effectiveness (FOLONI; ROSOLEM, 2008; PETTER et al, 2012 PETTER et al, , 2014 . In order to avoid problems of the fertilizer saline effect on soybean germination, the application in the sowing furrow should be limited to 60 kg ha -1 of K 2 O (VILELA et al., 2004; OLIVEIRA JUNIOR et al., 2010) and the remainder of the maintenance dose delivered in pre-sowing or in top dressing.
K contents in leaves at flowering time and in grains remained relatively constant between treatments (Table 3 ). This can be explained by the continued productivity gains with increases in nutrient supply, so that increases absorption were promptly mobilized to meet the physiological demand for increasing grain production (Lana et al., 2002) , the concentrations present in each organ of the plant being stable. Table 3 . Levels of K (g kg -1 ) in soybean leaves and grains, based on NPK doses in sowing fertilization and on K 2 O in topdressing.
Sowing Fertilization 1 (kg ha -1 )
Topdressing The foliar contents ranged from 24 to 27 g kg -1 , classified in the ranges of interpretation considered appropriate for different producing regions of the country (EMBRAPA, 2011) above the refe-rence value or critical level proposed for the crop in Minas Gerais (MARTINEZ et al., 1999) . Santos et al. (2008) and Oliveira et al. (2013) point out the need for higher K-foliar contents in soybeans to obtain high yields in Cerrado clay soils and indeterminate habit cultivars. Therefore, there was no luxury consumption, and since a maximum point in the response curve was not reached (Figure 2) , it is possible that the crop used presented even higher yields if it received higher doses of K. Other studies show there are soil and fertilization management conditions that promote luxury consumption, it can result in higher export taxes of the nutrient (FOLONI; ROSOLEM, 2008 PETTER et al, 2012 .
K concentrations in grains varied slightly between the treatments (Table 3) , causing the exported quantities to be directly related to productivity, reaching about 80 kg ha -1 of K 2 O (Figure 2 ). This shows that higher yield levels have a strong impact on the dynamics of K in the soil-plant system; it reinforces the need for the farmer constantly monitor the fertility status of the cultivation environment.
In the experimental conditions of this work, the soil analysis allowed to detect variations in the availability of K associated to the grain yield differences, which was not possible with the foliar analysis.
There was no significant difference in productivity between soybean plants that received NPK fertilizer normally used by the farm at sowing or the increased dose ( Figure 2) .
On the other hand, the additional supply of K during the cycle provided an absolute gain of up to 756 kg ha -1 of grains, starting from the worst scenario (application of only 33 kg ha -1 at sowing) for the best (48 + 45 kg ha -1 of K 2 O in sowing + top dressing).
The economic analysis confirmed that there was no advantage in increasing NPK fertilizer at sowing, but higher yields were obtained as the potassium input increased (Table 4 ). (2017) The economic feasibility of the investment in potassium fertilization in the conditions of the studied soil was verified, however, with the linear response to the nutrient, it was not possible to identify the maximum return dose.
In a general analysis of the results obtained, it is understood that the cultivar of soybean of indeterminate habit allowed reaching high yield levels in soils with improved fertility in the region of Campos das Vertentes (MG), but it requires a higher K supply. Thus, soil availability levels considered adequate in the literature VILELA et al., 2004) may not be compatible or the recommended maintenance doses LOBATO, 2004) may not be sufficient to guarantee the demand of these more productive crops.
The situation observed in Campos das Vertentes diverges even from the most recent recommendations regarding the management of soils associated with Cerrado vegetation (SOUSA; LOBATO, 2004) . These authors suggest that, for an initial K availability above 80 mg dm -3 , the application of 40 to 50 kg ha -1 of K 2 O would make it possible to produce between 3 and 4 t ha -1 of soybean. This expectation was not confirmed in the present study, at which only with the total dose of 93 kg ha -1 of K 2 O (48 kg at sowing and 45 kg at top dressing) it was possible to reach 4 t ha -1 of harvested grains and restore export preserving the initial K level available in soil. Therefore, there is an indication of the need for further experimentation to define new nutritional demand indices and critical levels in soil and plant.
Conclusions
Soybean yield increases linearly with the addition of potassium fertilization at topdressing and does not vary in the addition of potassium at sowing. K contents in leaves and grains do not vary by the additional contribution of potassium fertilization and total K export is proportional to the grain yield.
Indeterminate habit soil crop requires more K in maintenance fertilization in soil of improved fertility under a no-tillage system, which is economically rewarding.
Resposta da soja à adubação NPK de semeadura e cobertura potássica em solo de fertilidade construída Resumo A introdução de cultivares de soja de hábito indeterminado ampliou as possibilidades de cultivos em rotação ou sucessão em áreas produtoras da região do Cerrado, mas representa um componente menos conhecido no manejo da fertilidade do solo. O objetivo deste trabalho foi verificar a resposta agronômica e econômica da soja de hábito indeterminado a variações na adubação NPK de semeadura e cobertura potássica num Latossolo Vermelho de fertilidade construída nos Campos das Vertentes (MG). O delineamento experimental foi em blocos casualizados, com parcelas subdivididas, em três repetições. Nas parcelas os tratamentos consistiram de doses de 315 e 485 kg ha -1 do formulado NPK 02-30-10 no sulco de semeadura, e nas subparcelas testou-se a aplicação de 0, 15, 30 e 45 kg ha -1 de K 2 O em cobertura aos 21 dias após a semeadura. Não há diferença significativa na variação da adubação de semeadura, mas a produtividade aumenta linearmente pelo aporte adicional de potássio em cobertura. A cultivar de soja requer mais K 2 O na adubação de manutenção em solo de fertilidade construída para expressar potencial produtivo próximo de 4 t ha -1 , o que é economicamente compensador. Palavras-chave: Adubação potássica. Soja de hábito indeterminado. Agricultura de alto investimento.
